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Stormwater Databases: NURP, USGS, International BMP Database and NSQD
Alexander Maestre and Robert Pitt
During the past 30 years government agencies, universities and private companies have invested millions of dollars trying to understand the factors that affect the quality of stormwater discharges. Stormwater can pick up dirt, chemicals, and other pollutants that are then discharged to the stormwater drainage system and ultimately discharged to receiving water bodies, usually without any treatment. According to the U.S. EPA, stormwater is one of the major causes of water quality impairment in the nation's rivers, lakes, ocean shorelines, and estuaries.
In the U.S., several nationwide monitoring efforts have examined the sources and resulting concentrations of stormwater pollutants. Some of the results of these studies have been stored in electronic databases. For example the International Best Management Practices Database (BMP database) uses a database application to store and retrieve information from different stormwater controls. Another example is the National Stormwater Quality Database (NSQD) that stores some of the reported data from the National Pollutant Discharge Elimination System (NPDES) Phase I stormwater monitoring program in a spreadsheet format.
Two previous national stormwater monitoring efforts have included the Nationwide Urban Runoff Program (NURP) finished in 1983 and the USGS urban stormwater database completed in 1987. The results from both of these efforts were stored on magnetic tapes with a proprietary format.
The data from these four databases were sorted and combined in this chapter (the NSQD, version 2 beta), which now contains information for about 10,000 individual stormwater events representing all areas of the U.S. This combined database was evaluated to identify significant differences in the concentrations of nine stormwater constituents among land use, geographical region, and season, as an example of the types of evaluations possible. The analyses were performed using the General Linear Model (GLM).
Stormwater Databases Description
The four databases included information about the sampling locations, main land use in the watershed, the sample date, and various other details. The objectives of each database compilation were different, but the information stored for each can be used to describe if there are statistically significant differences among land use, geographical location, season and their interactions. The following sections describe each of the databases included in the analysis.
The Nationwide Urban Runoff Program (NURP Database)
The U.S. EPA NURP projects had several objectives: to characterize stormwater pollutants for different land uses throughout the nation, to identify the major sources of the pollutants, to determine the pollutant removal abilities of common stormwater control practices, and to examine receiving water impacts associated with stormwater discharges. A total of 2,300 events in 28 NURP projects at 81 sites were included in the program (USEPA, 1983) . The 28 projects were selected based on the type of receiving waters, the hydrologic conditions, urban characteristics, beneficial use of the receiving water, and the recognition of runoff problems.
The results from NURP were stored on magnetic tapes, included in a special section of the EPA STORED database, and also included as a hard copy appendix in the final report. The EPA reports and project reports included site descriptions, basin maps, drainage area descriptions, and best management practice information. One of the main achievements of this program was the definition of Event Mean Concentration (EMC), the ratio between the total constituent mass divided by the total runoff volume for each event. In 1987, the University of Illinois transferred the NURP data to electronic files more accessible to personal computers. Many project reports were also prepared by the individual participants that included much more detailed information than was summarized in the EPA summary reports.
The NURP program analyzed the following 10 constituents (known as the standard pollutants): total suspended solids (TSS), 5-day biochemical oxygen demand (BOD 5 ), chemical oxygen demand (COD), total phosphorus (TP), soluble phosphorus (SP), Total Kjeldahl Nitrogen (TKN), nitrite plus nitrate (NO 2 +NO 3 ), total copper (Cu), total lead (Pb), and total zinc (Zn). Fecal coliform bacteria was also included in the NURP program. Some programs also included additional constituents as part of the specific project objectives (such as particle size distributions, and more detailed heavy metal analyses). Also, complete rainfall and runoff data were obtained for each monitored event. About 75% of the stormwater samples collected in the NURP projects were from the Great Lakes (EPA Rain Zone 1) and Northeast (EPA Rain Zone 2) areas. The EPA rain zones are defined as areas with similar climatic conditions (USEPA, 1986) . Figure 20 .1 shows the location of the municipalities included in the databases and the EPA rain zones.
The U.S. Geological Survey Urban-Stormwater Database
The USGS database stored the stormwater loads and rainfall-runoff characteristics of 97 USGS stations in 21 metropolitan areas in the U.S. (USGS, 1987) . A total of 1,144 events were included in this database. The results from the program were stored in magnetic tapes also, and in the WATSTOR database. Projects included in this database examined eighteen constituents, and over fifteen rainfall-runoff characteristics were reported.
Except for BOD 5 and SP all the basic constituents included in the NURP database were also included in the USGS urban stormwater database. The database also included additional constituents, including dissolved chloride (DCl), and total cadmium (Cd) amongst others. An important distinguishing characteristic of the USGS urban stormwater database compared to the NURP data is the detailed rainfall-runoff information that was reported. Specifically, the maximum 5, 15 and 60 min. rainfall rates, peak discharge rates, duration of rainfall, and duration of runoff were reported amongst other hydrology characteristics. The drainage basin information was also more complete in the USGS database than the information presented in the EPA summary NURP report (See the individual NURP project reports for more detailed information). The USGS database includes the impervious area in the watershed as the total effective impervious area, the basin slope, the conveyance slope, and population density among the 28 basin characteristics stored. Also in the USGS database are more detailed land use classifications (11 separate classifications, compared to the five used in the NURP summary report). The geographical distribution of the stormwater samples presented in the USGS urban stormwater database was also better representative of national conditions, than the NURP database. EPA rain zones 1, 2, 3, 6, 7, and 9 have at least 10% of the samples in each. The NSQD was created using the monitoring results from many NPDES phase I stormwater permit holders. Only information from outfalls was included in the NSQD database, receiving water data is not included. The University of Alabama and the Center of Watershed Protection compiled the results of stormwater samples collected at 360 sites in 65 communities in the continental U.S. A total of 3,765 stormwater events were collected during the duration of the project. More than 100 constituents and 10 land uses were included. The original project stressed the Chesapeake Bay and the Southeastern regions of the U.S. although data from other locations throughout the U.S. were also obtained. A current extension of the project is collecting additional data from the upper Midwest and northeastern portions of the country All the standard pollutants described in the NURP database were also included in the NSQD database. This database also included many additional constituents including total dissolved solids (TDS), total cadmium (Cd), ammonia (NH 3 ), oil and grease (O&G), and arsenic (As), among others.
The NSQD database includes a series of descriptive documents with information about the sampling procedures, analytical methods, quality control and quality assurance procedures, description of the sampling stations and monitoring problems encountered.
About 50% of the data was collected in the Chesapeake Bay region (EPA rain zone 2). Other geographical regions with large number of observations in the NSQD database included EPA rain zones 5 and 6 (Texas and Southwest respectively) with approximately 10% of the total observations each. Figure 20 .1 shows the location of the municipalities included in this database by EPA rain zones. The results from this project can be downloaded at: http://rpitt.eng.ua.edu/Research/ms4/mainms4.shtml.
The International BMP Database (BMP Database)
The International BMP database is a compilation of data obtained from many projects that evaluate the performance of structural and non structural stormwater controls. Only the influent (untreated) concentrations were used in the analyses described in this chapter. A total of 132 sites in 71 communities were included in the database. A total of 3,800 storm events and 236 constituents were identified.
All the standard pollutants described in the NURP database were also included in the BMP database. The BMP database also included a large number of observations for total dissolved solids (TDS), total nitrogen (TN), total nitrate (TNO 3 ), total cadmium (Cd), ammonia (NH 3 ), pH, hardness, total organic carbon (TOC), iron (Fe), and oil and grease (O&G) amongst other constituents. The supportive information describing the sampling locations and event characteristics is very complete in this database. The database included rainfall -runoff information, including peak 1-h precipitation rates, peak flow rates, and total flow volumes. The description of the drainage areas included total impervious area, percentage of impervious area that is hydraulic connected, slope, and soil information.
The BMP database has the best balanced geographical distribution of data of the four examined. All the rain zones are presented (9% to 22% for most EPA rain zones), except for the lower Mississippi valley (zone 4), California (zone 8), and the Rocky Mountains (zone 9). Figure 20 .1 shows the location of the municipalities included in this database by rain zones
Methods
Data from the four databases were assembled into a single spreadsheet. Each dataset was analyzed individually. Data from the NURP reports was complemented and compared with the quality control reports created by the University of Illinois. The USGS monitored several of the NURP program sites and these sites are therefore duplicated in both databases. When the NURP and USGS databases reported the same storm event, both records were compared and complemented. The most complete data set was retained for each duplicated event (usually from the USGS database as additional detailed precipitation and runoff data was available). The NSQD, version 2 beta is available at: http://rpitt.eng.ua.edu/Research/ms4/mainms4.shtml. More than 10,000 events were collected for the complete database. Table 20 .1 shows the 16 land uses, 9 EPA rain zones and four seasons identified in the assembled database. The land uses were assigned categories according to their predominant land use in the watershed. When more than one predominated it was deemed a mixed site with the major land use noted.
About 30% of the total storm events stored in the assembled database were collected in residential land use areas, followed by mixed residential and commercial areas with 16% and 15% respectively. The land uses with the fewest events in the database were mixed freeways, mixed agricultural and mixed institutional areas with under 0.3% of the total number of events.
A total of 594 sampling locations are included in the assembled database. Most were located in EPA rain zone 2 (37%) followed by EPA rain zone 6 (11%). EPA rain zone 8 had the fewest sites, with only 2% of the total.
The data was also labeled according to the season when it was collected. The four seasons were identified according to their similar temperature patterns. As an example, Maestre (2005) found that the temperature of the stormwater samples during the period February -July was higher than for samples collected during the other six months of the year.
When analyzing the factors that affect stormwater, it is important to remember that the EPA rain zone and land use categories are different for each site group, while the season changed for each site. The distribution of samples collected during seasons varied from database to database. In the BMP and NSQD databases most of the samples were collected in the spring, while in the NURP and USGS databases they were collected during summer and fall. None of the databases included significant snowmelt information Table 20 .2 shows the distribution of events by season in each database. Land use and EPA rain zone representative data also varied among the databases. For example, there were no samples collected in EPA rain zone 8 during the NURP program. In order to compare data for each rain zone and land use, sufficient data observations are needed in each category to represent the range of conditions likely to occur. Table 20 .3 shows the total number of events by database, EPA rain zone and land use. 
As noted earlier most of the data from the NURP program was collected in EPA rain zones 1 and 2 for residential, mixed residential and commercial land uses. Most of the USGS information was collected in the same land uses selected by the NURP program but in EPA rain zones 1 and 9. The BMP database has a good representation of residential, industrial, institutional and freeway land uses in all EPA rain zones except for EPA rain zones 4 and 8. The NSQD database has the best representation of land uses and EPA rain zones among the four databases. All the EPA rain zones were well represented in the NSQD database except for EPA rain zones 1 and 8.
Merging the four databases filled-in some of the missing land uses and rain zone categories that the individual databases missed. Table 20 .3 (e) shows the total number of storm events by land use and EPA rain zone in the assembled database. All of the EPA rain zones, except EPA rain zone 8 have enough events to be included in the full analyses. The following land uses can also be included in the full analyses: commercial, freeway, industrial, residential, mixed commercial, mixed industrial and mixed residential. Open space and mixed open space can be combined, but there were significantly differences in TSS and Zn concentrations between these two related subgroups, with a level of significance of 5%.
Non-detected information in the NSQD database was estimated using the maximum likelihood method, in the remaining databases censored information was replaced by replacing the censored data with half the detection limit. Maestre (2005) found that replacing the censored observations by half the detection limit when the percentage of censored observations is smaller than 15% does not result in a significant change in the estimated median and standard deviation values for the dataset values.
Only Event Mean Concentrations (EMCs) of nine stormwater constituents were included in the assembled database: total suspended solids (TSS), 5-day biochemical oxygen demand (BOD 5 ), chemical oxygen demand (COD), total phosphorus (TP), Total Kjeldahl Nitrogen (TKN), nitrite plus nitrate (NO 2 +NO 3 ), total copper (Cu), total lead (Pb), and total zinc (Zn). The selection of these constituents was determined based on their inclusion in the NURP program. Care must also be taken because some of the data were collected over a 25 y time period, and. As will be shown later significant lead concentrations variations occurred over this period. Also, the sampling location (inlet vs. outlet location) can have a significant effect on the observed concentrations, especially for TSS. Inlet samples usually have larger concentrations compared to outfall samples due to particulate solids deposition in the sewerage.
Analyses and Results
The following three questions were addressed using the assembled database:
• Are individual site differences more significant than the type of land use?
• Are there any significant differences in the EMC concentrations of stormwater constituents by season? • Is there any significant difference in the EMC concentration by land use and/or EPA rain zone?
Individual differences vs. land use
Only data from EPA rain zone 2 was selected for these analyses, as the other zones lack sufficient detailed information. EPA rain zone 2 has the largest number of observations in the database, and all land uses were represented, except for agricultural, mixed agricultural, mixed forested, mixed freeway, and mixed institutional. The Xbar-S control chart was selected to evaluate differences among land uses. EPA (1983) found that stormwater constituents are log normally distributed. Maestre et al. (2005) also evaluated the probability distributions of the stormwater quality data in the NSQD database and confirmed that log-normal distributions are very common for the constituents included in that stormwater database, with few exceptions (such as for pH). Observations from the combined database were therefore log transformed in order to use the control charts. The Xbar-S control chart is useful to identify differences among groups of data. One of the main advantages is that the chart adjusts the control limits according to the number of observations at each site. If a site has a median value significantly different from the others sites in the same group, it will appear outside the control limits. For example, Figure 20 .2 shows how the TSS concentrations change among the different land use categories in EPA rain zone 2.
For TSS in EPA rain zone 2, five land uses are found to be outside the control limits for the median TSS concentration. Samples collected in open space, forested and freeways land uses are shown to have lower TSS concentrations when compared with the remaining land uses. However, some of the mixed land uses have a higher concentration than other categories designated with a single land use. All the land uses have a similar standard deviation; none of the land uses had a standard deviation outside the control limits. The values in the S chart correspond to the standard deviation of the log transformed observations. The range of the control limits is a function of the number of observations in each land use category. The residential land use category has the smallest control limit range because it has the largest number of data observations, while the forested category has the largest control limit range because it has the smallest number of data observations. Table 20 .4 lists the land uses categories outside the control limits for the nine constituents examined. If the land use was above the upper control limit, it is represented with the letter H, and if below it is represented with an L. Open space and mixed open space show the lowest stormwater concentrations among all land uses and constituents, as would be expected. Unfortunately only TSS and TP concentrations were obtained from the forested sites, so the other constituents cannot be compared for this category. TSS median concentrations from forested sites were the lowest among all land uses. In contrast, commercial and mixed residential land uses showed large copper, lead and zinc concentrations. Freeways sites also had elevated concentrations of total phosphorus and nitrates.
The variability of the concentrations also depends on the land use and stormwater constituent. For example a lower variability was identified for the COD concentrations compared to the copper concentrations for freeways. In the open space category, a larger variability was identified for total phosphorus, total nitrite plus nitrate, and zinc, than for other categories. A modified Xbar-S chart was also used to evaluate the variability within the same land use. Figure 20 .3 is an example showing the variability among all sites in the residential land use category for the EPA rain zone 2. 
Note: L = Land use is lower than the lower control limit. H = Land use is higher than upper control limit. About 18% of the 65 residential sites with TSS concentrations in EPA rain zone 2 were outside the control limits, indicating that there are specific variations between sites in the same land use. The critical cases are those where the distance between control limits is small. For example, sites 60 to 65 in Figure 20 .3 have enough samples to show that the TSS concentration in site 63 is almost 3 times the concentration of site 65. The S chart indicates that 6% of the sites have a standard deviation different from the remaining residential sites in EPA rain zone 2. The variation in the standard deviation between sites is not as large as the variation in the median concentrations. Table 20 .5 shows that in almost all cases, except for open space and forest categories, the pooled standard deviation among land uses was in general larger than the standard deviation within sites for the same land use. The number of samples in these two land uses was small compared with the number of samples in the other land uses.
To determine if there is a difference between the standard deviation between and within the land uses, a normal probability plot of the standard deviations was created. If all the standard deviations follow the same distribution, they will appear as a straight line in the probability plot. Land uses significantly different will be outside the line. Figure 20 .4 shows the probability plots of standard deviations by constituent. TSS and total lead were the constituents with the highest standard deviations, while total copper had the lowest. Four constituents did not follow a straight line. The worst case was lead. Lead has been banned from gasoline since 1986. Because the assembled database contains data from the late 1970s, it is possible to find elevated lead concentrations in the database. The other three constituents that did not follow a normal distribution were total nitrite plus nitrate, total phosphorus and total copper. Total nitrite and nitrate and copper in freeways have a larger standard deviation when compared with the remaining land uses. Fraser, et al. (1998) found that ammonia emissions have increased since the use of three way catalytic converters. The reaction between ammonia and nitric acid forms ammonium nitrate. Sutherland (2000) suggests that copper concentrations in runoff from highways originate from the wear of brake pads, tires, asphalt and concrete. Increases in traffic levels and higher average speeds results in higher copper concentrations. Finally expected variations in copper concentrations were also higher in forested and open space land uses, mostly because of the small number of samples obtained in these categories. The size of the drainage area can also have an effect in the variability of the concentrations among land uses and sites. When the BMP database was analyzed alone, it was observed that the concentration of total dissolved solids, TKN, ammonia, COD, total nitrite plus nitrate, dissolved lead, dissolved zinc and oil and grease were higher in drainage areas smaller than 1 hectare compared to larger drainage areas. Figure 20 .6 shows the probability plot of the drainage areas of each site in EPA rain zone 2.
Drainage areas at freeways sites were more than 10 times smaller than the other drainage areas. This may be one reason why freeways have elevated nutrients concentrations.
Another question of interest is what percentage of the sites will be outside the control limits for each category? This was determined using the number of sites out of the control limits in the X-bar S charts. Table 20 .6 shows the total number of observations outside the upper and lower control limits. The table shows that 14% of the sites will have a median concentration smaller than the lower control limit in their land use. The largest percentage of sites below the lower control limit was observed in commercial and mixed residential land uses. The largest percentage of sites with median concentration smaller than the lower control limit was observed for lead (25%) and copper (20%). Table 20 .6 Sites outside control limits in the X-bar S chart. Note: L = site is below the lower control limit. H = site is above the upper control limit.
Mixed land uses also showed the largest percentage of sites (14%) with median concentrations greater than the upper control limit. The lowest percentage of sites (7%) with concentrations larger than the upper control limit was observed for industrial land use sites. Industrial land use areas had the smallest variability in the standard deviation values. Less than 1% of the industrial sites had standard deviation values smaller than the lower control limit. Industrial land uses also have the smallest percentage of sites with standard deviations above the upper control limit. The largest variations occurred for the commercial land use category where almost 6% of the sites had standard deviations larger than the upper control limit in the S chart.
The smallest variations in the standard deviations were observed for copper and BOD, with less than 1% of the sites below the lower control limit and less than 4% with standard variation greater than the upper control limit in the S chart. The largest variation by constituent was observed for COD, where 8% of the sites showed a standard deviation greater than the upper control limit.
Seasonal Analyses
One Way Analysis of Variance (ANOVA) was selected to evaluate if there were significant seasonal differences in the EMC values of stormwater constituents by land use in EPA rain zone 2. The effects of the interactions of seasons with other factors are presented in the next section. The null hypothesis in this case was that there is no statistically significant difference in the EMC values amongst the seasons. The alternative is that there is a statistically significant difference. Table 20 .7 shows the results from this ANOVA analysis (p-values < 0.05 usually indicates a significant difference, and these are high-lighted by italics in the table).
All the stormwater constituents showed seasonal differences in at least one land use. TSS showed significant seasonal differences except in forest, mixed open space, commercial and industrial land use categories. Open space, mixed commercial and mixed residential land use categories had TSS concentrations that were smaller during the winter than during the other seasons. Again, snowmelt data are not included in this database. At freeway locations the TSS concentrations in the fall were significantly greater than during the remaining seasons. Total phosphorus (TP) was another constituent that showed significant seasonal differences between land uses. Land uses with seasonal TP variability included freeways, industrial, institutional, residential, mixed commercial and mixed residential categories. In general, TP concentrations were higher during summer rains than for the other seasons. Also, the analysis showed a significant reduction in the TP concentration during the winter. The following constituents showed the lowest seasonal variability amongst land uses: BOD 5 , total nitrite plus nitrate, total copper and total lead. Analyses by land use showed that mixed open space and mixed industrial land uses did not show any significant concentration differences by season for the nine stormwater constituents examined. However, all the constituents showed seasonal differences in the residential land use category except for total nitrate plus nitrite. Mixed residential and mixed commercial areas also showed significant differences by season for almost all the constituents. In open space areas, only TSS and total zinc showed a significant seasonal difference. In the commercial land use category, only total nitrate plus nitrite and TKN showed significant seasonal differences.
Land Use and Geographical Region Analyses
The final analyses used the general linear model (GLM) that also includes the interaction effects between land use, geographical region, and season. Section 20.3.2 showed that there are significant differences between seasons for several constituents and land uses in EPA rain zone 2, without considering the interactions. In this section, the effect of the interactions are evaluated, and for most of the regions of the country. It is important to have enough sample numbers representing each group to have sufficient statistical power during these analyses. Table 20 .8 shows the main three factors and levels used in the GLM model Mixed land uses were excluded from these analyses to eliminate the confusing effects of different land uses in the same area. Rain zone 8 was also eliminated because none of the single land uses have observations in this EPA rain zone. All four seasons were selected as they were well represented in all the selected land uses and EPA rain zones.
Two-way and three-way interactions were included in the model. Table 20 .9 shows the results from the model analyses. A p-value smaller than 0.05 indicates that the factor, or interaction of factors, was found to be significant at least at the 5% significance level. The results indicated that the factors for EPA rain zone, and land use, and the interaction land use-rain zone were the most important factors used in the model. There were significant differences by EPA rain zone, and land use for all the constituents. The interaction of these two factors was also significant. Using the GLM and all the data, it was found that season alone was not significant for any constituent except for TKN. The interaction between land uses and EPA rain zone is very important and must be considered when determining likely stormwater concentrations for a site. In contrast to the previous case when land use and geographical location interactions were ignored, there were no obvious changes in concentrations for the different seasons. However, total phosphorus and TKN appear to be high during the summer and low during the winter. No clear variations in concentration were observed between spring and fall.
Samples collected in EPA rain zone 3 (the southeast) had the lowest concentrations for all the constituents. The largest concentrations were observed in rain zone 6 (the southwest) followed by rain zones 1 (Great Lakes and northeast) and 4 (Mississippi valley).
Conclusions
Ignoring the interactions between land use and EPA rain zone can mislead the interpretation of the factors that affect stormwater concentrations around the continental U.S. The EPA rain zone factor followed by the interaction between EPA rain zone and the land use, and the factor representing land use alone were all significant when examining the variations in concentrations of the nine stormwater constituents evaluated.
Season alone is not a significant factor in the variability of stormwater concentrations. However, the interaction between season and EPA rain zone is significant for all the standard pollutants except for TSS and total lead.
The concentrations of lead in stormwater concentrations have significantly reduced since the elimination of lead in gasoline.
The introduction of three-way catalytic converted may be related to the elevated ammonia and nitrate concentrations in stormwater samples collected at freeway sites.
The variability between sampling locations for any land use category is greater than the variability between land uses, signifying the need to have many sampling sites to represent each land use category for any one geographical area. It is expected that around 5% to 20% of the sites located in the same EPA rain zone and land use will have median concentrations that are significantly different than the remaining sites in the group. The smallest variability is expected in industrial drainage areas.
